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line 92. delete formula insert ^ ^ 

NHa — CH — COR' 
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line 74, for '+ 4°C* read '+ 4°' ^ 
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line 96, for 'oxycarbonyl' read 'N-benzyloxycarbonyl' 


Page 


4, line 38, page 5, line 22, page 6. lines 4 and 5. for benzylcarbon 
benzyl oxycarbonyl' 
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line 16, for 'hydrochlorice' read ^hydrochloric* 
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line 59, for 'a - n* read 'a - p' 
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line 55, for 'tyrosine* read T:i-tyrosine' 
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line 57. for '5^' read 
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lines 30 and 31, for *methyltyrosine' read 'ethyltyroslne' 
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line 41, for 'ethyylcysteine' read 'ethylcysteine' 
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line 110, /or 'ethy' read 'ethyl* 
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line 48, for 'contact' read ^contacting' 
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(71) We, G. D. Searle & Co., a cor- 
poration organised and existing imder the 
laws of die State of Delaware, United States 
of America of Post Office Box 5110, Chicago, 
Illinois 60680, United States of America, do 
hereby dedare the inventi<Mi, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

The present invention relates to aspartic 
acid dipeptide alkyl esters and to the pro- 
cesses for their preparation. More particu- 
larly, the compounds prepared by this inven- 
tion have the following general formula 



H.N — CH — CNH — CH — COR' 
X 

I 

C— OH 



wherein X is a radical of the fonnula 



-CHa— OR , — CHg— ^j^-Hal 

— CH — CHa, — (CHOn S(0)^R'% 
OH 

or — R'"; 

Hal is a fluorine, chlorine, bromine, or iodine 
atom; m is 0 or 2; n is 1 or 2; R is 



hydrogen or a straight or branched chain alkyl 
radical containing from 1 to 7 carbon atoms; 
and R', R", and R'" are each a strai^t or 25 
branched chain alkyl radical containing from 

1 to 7 carbon atoms; with the provision that 
when R'" contains 1 or 2 carbon atoms, R' 
must contain more than 2 carbon atoms. 

The dipeptide derivatives of the present in- 30 
vendon ^are the surprising and completely 
unexpected property of possessing a sweet 
taste. This property is useful as a result of 
the ability of those derivatives to impart their 
sweetness to a variety of food products. Ex- 35 
amples of such food products are fruits, vege- 
tables, juices, meat products such as ham or 
bacon, sweetened inilk products^ egg pro- 
ducts, salad dressings, ice creams and s£srbets, 
gelatins, idi^, syrups, cake mixes and bever- 40 
ages such as carbonated soft drinks and wines. 

An example of a typical sweetened orange 
soda is shown by the following preparation: 

A stock supply of bottler's syrup was pre- 
pared by mixing 5.5 mL of a 50% aqueous 45 
citric acid solution with 150 ml. of water, 

2 g. of L - aspartyl - L - tyrosine methyl 
ester were dissolved in that solution, and 
7.02 ml. of the orange flavour base manu- 
factiured by the A, E. lUes Cbmpany, Dallas, 50 
Texas, labelled FO — 78 and 2.7 g. of sodium 
benzoate were added and the mixture diluted 

to 200 ml. with water. One oz. samples of 
tiiat bottler's syrup were transferred to 6 oz. 
bottles and 110 ml, of cold tap water added 55 
to each botde. To each bottle 42 mL of cold 
charged bottling water (5 volumes carbon 
dioxide) was then added to achieve carbona- 
tion. Each bottle was capped and the contents 
mixed. 50 

Comparison of the lauer samples with 
orange soda containing a quantity of sucrose 
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50 times that of the named dipeptide deriva- 
tive revealed no detectable difference in sweet- 
ness. 

The dipeptide sweetening agents are water 
soluble, stable substances which can be used 
in a variety of physical forms, for example 
as powders, tablets or syrups. Liquid or solid 
carriers such as water, glycerol, starch, sor- 
bitol, salt, citric acid and other suitable non- 
toxic substances can be used also. 

It has been determined that the property 
of sweetness is affected by the stereo- 
chemistry of the individual amino acid units 
comprising the dipeptide structure. The L — L 
isomers, for example L - aspartyl - L - tyro- 
sine methyl ester, are especially sweet. It is 
thus apparent that mixtures containing the 
L— L isomer, i.e. DL— DL, I^DL or 
DI^L share that property also. 

The sweetening agents of the present inven- 
tion are particularly useful to diabetics as 
substitutes for sugar. They are, moreover, 
lacking in the unpleasant after taste exhibited 
by such synthetic sweeteners as saccharin and 
cydamate. The absence of toxic properties 
results from their derivation frcm nannral 
sources, i.e. the naturally occurring amino 
acids utilised by the animal body in the manu- 
facture of essential proteins. 

The novel compounds of formula (I) are 
conveniently produced by contacting an L- 
aspartic acid derivative of the formula 



Z — NH — CH 



-1-C-. 



toB 



(11) 



wherein Z is an amino protecting group such 
as the function trityl, /►-nitrobenzyloxy- 
carbonyl, p - bromobcnzyloxycarbonyl or 
benzyloxycarbonyl, B is a benzyl radical 
which forms a protective ester moiety and A 
is a /Kuitrophenyl or alkoxycarbonyl radical 
forming a labile oxygenated function, with an 
appropriate amino acid ester of the general 
formula 

O 



Time and temperature are not critical factors 
but, as apparent to one skilled in the art, 
are dependent upon the particular solvent 
employed. Pressure is not critical, the reactions 
arc, however, conveniently carried out at 
atmospheric or slightly elevated pressure. 

These processes are specifically illustrated 
by the reaction of N - benzyloxycarijonyl - L- 
aspartic acid « - « - nitrophenyl, ^-benryl 
diester (described by S. Guttmann, Helv, 
Chim, Acta, 44 721 (1961) with L-tyrosme 
methyl ester to yield ^-benzyl N - benzyl- 
oxycarbonyl - L - aspartyl - L - tyrosine 
methyl ester, which is hydrc^nolyzed in aque- 
ous acetic acid, using palladium black catalyst, 
to afford L - aspartyl - L - tyrosine methyl 
ester. 

The dipeptides charaaerised by a sulphone 
group are obtained by reaction of the pro- 
tected aspartic acid derivative with the appro- 
priate amino acid ester containing the sul- 
phone group. The latter substances are con- 
veniently produced by esterification of the 
corresponding amino acid sulphones. For ex- 
ample, L-methionine sulphone is converted to 
its methyl ester hydrochloride by reaction with 
a solution of thionyl chloride in methanol. 
The free ester is allowed to react with the 
aforementioned N - benzyloxycarbonyl - L- 
aspartic acid a - p - nitrophenyl ^-benzyl 
diester to yield j?-benzyl N-boizybxycarbonyl- 
L - aspartyl - L - methionine methyl ester 
sulphone, whidi is hydrogenolyzed with pallad- 
ium to afford L - aspartyl - L - methiomne 
methyl ester sulphone. 

Alternatively, the compounds of formula (1) 
can be prepared by contacting a compound 
of die general formula 



Z — NH — CH — 



c:h2 

C — OB 



(HI) 



NH: 



[j_CH— & 



:oR' 



wherein Z and B arc as hereinabove defined, 
with an amino ester of the formula 



NHo— CH — COR* 



55 



60 



65 



70 



75 



80 



85 



90 



45 



50 



The protecting groups are then removed by 
suitable means frcsn the jispartic acid portion 
of the resulting intermediate product. When 
the amino group is proteaed by a benzyloxy- 
carbonyl function and the )ff-carboxy group by 
a benzyl ester moiety, catalytic hydrogenolysis 
is a preferted method for effecting removal. 



in the presence of a suitable drfiydrating agent 
and then removing the protecting groups by 
suitable means. Especially preferred dehydrat- 
ing agents include alkylaminoacetylenes and 
preferably dicydohexylcarbodiimide. When 
the amino group is piocectod by a benzyloxy- 
carbonyl function and the )?-carb6xy group 
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by a benzyl ester moiety, catalytic hydrogeno- 
lysis is a preferred method for effecting re- 
moval. Time and temperature are not critical 
factors, but as apparent to one skilled in the 
5 art, are dependent upon the particular solvent 
employed. Pressure is not critical; the re- 
actions are, however, conveniently carried out 
at amiospheric or slightly elevated pressure. 
Thus, when N - benzyloxycarbonyl - L- 

10 aspartic acid jff-benzyl ester is reacted with 
L-tyrosine methyl ester in the presence of 
dicyclohexylcarbodiimide, fi - benzyl N- 
benzyloxycarbonyl - L - aspartyl - L - tyrosine 
methyl ester is afforded which is then hydro- 

15 genolyzed in aqueous acetic add, using pallad- 
ium black catalyst, to afford L - aspartyl - L- 
tyrosine methyl ester. 

Alternatively, the compounds of formula 
(I) can be prepared by reacting L-aspartic acid 

20 vvith phosgene to form the N-carboxy- 
anhydridc of L-aspartic acid and then reacting 
the latter substance with an appropriate 
amino ester. Time and temperature are not 
critical factors but are dependent upon tiie 
particular solvent employed. Thus when the 
N-carboxyanhydride of L-aspartic add, 
fonncd by reacting L-aspartic acid with phos- 
gene, is reacted with L-tyrosine methyl ester, 
L - aspartyl - L - tyrosine methyl ester is 

30 afforded. 

The invention is further illustrated by the 
following examples. In these examples tem- 
peratures arc given in degrees Centigrade 
(0°C) and quantities of materials are expressed 

3^ in parts by weight except where otherwise 
noted. The double melting points observed 
in the case of the dipeptide esters result from 
heat-cacalysed cyclisation of those substances 
to afford the corresponding diketopiperazines. 

40 Example 1 

A mixture containing 10.05 parts of N- 
benzyloxycarbonyl - L - aspartic acid a - pu 
nitrophenyl, ^-benzyl diester, L-tyrosine 
methyl ester and 45 parts of ethyl acetate was 

45 stored at about 65° for approximately 24 
hours and then cooled and washed successively 
with 50% aqueous potassium carbonate, 
water, dilute hydrochloric add and water. 
Drying of the solution over magnesium sul- 

50 phate was followed by distillation of the sol- 
vent under reduced pressure and a gummy 
residue was obtained, which was purified by 
crystallisation from ether-ethyl acetate to afford 
^-benzyl N - benzyloxycarbonyl - L - aspartyl- 

55 tyrosine methyl ester, melting at 125 to 127 
and exhibiting an optical rotation, in meth- 
anol, of — 5°C. 

Example 2 
To a solution of 20 parts of jff - benzyl - N- 
60 benzyloxycarbonyl - L - aspartyl - L - tyrosine 
methyl ester in 250 parts of 75% aqueous 
acetic acid there were added 2 parts of pallad- 
ium black and the resulting mixture was 



shaken vwth hydrogen at atmospheric pressure 
and room temperature imtil the uptake of 65 
hydrogen ceased. The catalyst was removed 
by filtration and the filtrate concentrated to 
dryness under reduced pressure. The resulting 
residue was crystallised from aqueous ethanol 
to afford L - aspartyl - L - ^osine methyl 70 
ester, .which exhibited a double melting point 
at 180 to 185°C and 230 to 235° decomposi- 
tion. This compound displays an optical rota- 
tion, in water, of +4°C. 

Example 3 75 
3.4 Parts of N - benzyloxycarbonyl - L- 
asparuc acid jS-benzyl ester were dissolved in 
5 parts by volume tetrahydrofuran. 1 Part 
triethylamine was added and the solution 
cooled to —10° with stirring; then 1 part 80 
ethyl chloroformate was added keeping the 
temperature below 0°, After about 10 minutes 
2 parts L-tyrosine methyl ester in 5 parts 
by volimie tetrahydrofuran were added to the 
solxition faseping the temperature below 0°. 85 
The solution was allowed to stand approxi- 
mately 16 hours at 5°. The triethylamine 
hydrochloride was removed by filtration and 
the filtrate stripped of solvent by distillation 
under reduced pressure to afford a gummy 90 
residue which was recrystallised from ether- 
ethyl acetate to afford ^-benzyl N-benzyloxy- 
carbonyl - L - aspartyl - L - tyrosine methyl 
ester, identical to the product of Example 1. 

Using an equivalent amount of ^-benzyl- 95 
oxycarbonyl - L - aspartyl - L - tyrosine 
methyl ester and following the procedure of 
Example 2, there was obtained L - aspartyl- 
L - tyrosine methyl ester identical to die pro- 
duct of Example 2. loo 

Example 4 
The substitution of 4.62 parts of L-tyro- 
sme ethyl ester in the procedure of Example 
I followed by recrystallisation of the crude 
product from ether-isopropyl acetate affords 105 
j^-benzyl N - benzyloxycarbonyl - L - aspartyl- 
tyrosine ethyl ester, melting at 122 to 124° 
and exhibiting an optical rotation, in methanol, 
of —9°. 

When 5 parts of the above prepared jff- 110 
benzyl N - benzyloxycarbonyl - L - aspartyl- 
L - tyrosine ethyl ester were substituted in 
the procedure of Example 2, there was pro- 
^"5^. ^ " aspartyl - L - tyrosine ethyl ester, 
exhibitmg a melting point of 188 to 190° 115 
with effervescence and an optical rotation, in 
water, of +6°. 

Example 5 
To a solution of 5.73 parts of L - O- 
methyltyrosine methyl ester hydrochloride in 120 
50 parts of water was added sufficient potas- 
sium bicarbonate to effect neutrahsation, and 
the resulting aqueous mixture was extracted 
with ethyl acetate. The organic layer was sepa- 
rated, washed with water and dried over 125 
anhydrous magnesium su^hate. 
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When the latter organic solution was sub- 
stituted for L-tyrosine methyl ester in the 
procedure of Example 1, there was produced 
fl-benzyl N - benzylcarbonyl - L - aspartyl- 

5 L - O - methyltyrosine methyl ester, which, 
after recrystaUisation from ether-ethyl acetate, 
melts at 114 to 115°C and exhibits an optical 
rotation, in methanol, of —4.5°. 

By substituting 5 parts of the above pre- 

10 pared ^-benzyl N - benzyloxycarbonyl - L- 
aspanyl - L - O - methyltyrosine methyl ester 
in the procedure of Example 2 there was pro- 
duced L - aspartyl - L - O - methyltyrosine 
methyl ester, which exixibits a double melting 

15 point at 138 to 140«> and 185 to 235*^ with 
decomposition. This compound possesses an 
optical rotation of —0.5°. 

Example 6 
When 7.65 parts of L - O - ethyltyrosine 

20 methyl ester hydrochloride were substituted 
in the procedure of Example 5 there was pro- 
duced ^-benzyl N - benzyloxycarbonyl - L- 
aspartyl - L - O - ethyltyrosine methyl ester, 
melting at 115 to 116° and displaying an 

25 optical rotadon, in methanol, of —6**. 

The hydrogenolysis of 5 parts of the above 
prepared j8-benzyl N - benzyloxycarbonyl- 
L - aspartyl - L - O - ediyltyrosine methyl 
ester by the procedure described in Example 

30 2 resulted in L - aspartyl - L - O - methyl- 
tyrosine metfiyl ester, exhibiting a melting 
point at 185 to 240° with decomposition. It 
displays an optical rotation, in methanol, of 
-1.5°. 

35 Example 7 

To a mixture containing 6 parts of L- 
methionine methyl ester hydrochloride, 15.3 
parts of N - benzylcarbonyl - L - aspamc 
acid a-p- nitrophenyl, j3-benzyl diester and 

40 38 parts of dimethylfonnamide were added 
with cooling and stirring, 33 parts of triethyl- 
amine. Stirring was continued for about 2 
hours; the mixture stored at about 8° iot 
approximately 16 hours and stirring contmued 

45 at room temperature for from 3 to 4 hours. 
The mixture was then diluted with ethyl 
acetate and washed successively with dilute 
hydrochloric acid, dUute aqueous potassium 
carbonate and water. The aqueous washmgs 

50 were extracted with ethyl acetate and the 
organic extracts combined with the onginal 
organic solution. The combined solutions were 
filtered through sodium sulphate and the sol- 
vent allowed to evaporate at room tempera- 

55 aire. The resulting residue was purified by 
recrystaUisation from isopropyl alcohol fol- 
lowed by washing with ether and drying in 
air to yield j3-benzyl N - benzyloxycarbonyl- 
L - aspartyl - L - methionine methyl ester, 

60 melting at 78 to 78.5° and 

optical rotation, in chloroform, of 4-26.5 . 

To a solution of 10 parts of the above pre- 
pared j3-benzyl N - benzyloxycarbonyl - L- 
aspartyl - L - methionine methyl ester m 120 



parts by volume of 75% aqueous acetic acid 65 
were added 3 parts of palladium black cata- 
lyst, and the resulting mixture shaken with 
hydrogen at atmospheric pressure and room 
temperature until the uptake of gas ceased. 
Separation of the catalyst by filtrarion fol- 70 
lowed by distillation of the solvent under re- 
duced pressure afforded the residual crude 
product, which was purified first by tritur- 
ation with ether, then by recrystaUisation from 
methanol-ether to afford pure L - aspartyl- 75 
L - methionine methyl ester, which exhibited 
a triple melting point at 111^ 136.5 to lASf 
with decomposition and 200 to 213.5°. Tius 
compound displayed an optical rotation, in 
water, of -19.5°. ^ 

Example 8 

To a mixture containing 5.1 parts of L- 
threonine methyl ester hydrochloride, 15.1 
parts of N - benzyloxycarbonyl - L - aspamc 
add a-/^-nitrophenyl, jS-benzyl diester and 38 85 
pans of dimethyl-formamide were added, with 
cooling, 3.3 parts of triethylamine, and the re- 
sulting reaction mixture was stirred for about 
1 hour, then allowed to stand at room tem- 
perature for about 16 hours. At this point 90 
0.5 part of imidazole was added and the re- 
action mixture stirred for about 1 hour and 
then diluted with ethyl aceate and washed 
successively with dilute hydrochloric acid, 
dilute aqueous potassium bicarbonate and 95 
dilute aqueous sodium sulphate. The organic 
solution was dried over anhydrous sodium sul- 
phate and the solvent allowed to evaporate at 
room temperature, thus resulting in ;p-benzyl 
N - benzyloxycarbonyl - L - aspartyl - L- 100 
threonine methyl ester. 

To a solution of 11 parts of the above 
prepared j8-benzyl N - benzyloxycarbonyl - L- 
aspanyl - L - threonine methyl ester in 200 
parts by volume of 75% aqueous aceuc acid 105 
was added 1 part of palladium black catalyst 
and the mixture was shaken with hydrogen at 
atmospheric pressure and room temperature 
until the uptake of hydrogen was complete. 
The catalyst was removed by filtration and 110 
the filtrate concentrated to dryness under re- 
duced pressure. The residue was dissolved m 
aqueous methanol and the crude product preci- 
pitated by the addition of ether. Purification 
of the precipitated crude product was effected 115 
by recrystaUisation from aqueous isopropyl 
alcohol to yield pure L - aspartyl - L- 
threonine methyl ester, melting at 159 to 
160.5° with decomposition. It displays an 
optical rotation, in water, of —6°. 120 

Example 9 
A mixture containing 7.45 parts of L - S- 
methylcysteine methyl ester hydrochloride, 
20.1 parts of N - benzyloxycarbonyl - L- 
aspartic acid a-p-nitrophcnyl, ^-benzyl di- 125 
ester and 47.5 parts of dimethylfonnamide 
was stirred, dien cooled while 4.3 parts of 
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triethylamine were added dropwise. Stirring 
at room temperature was continued for about 
li hours, at the end of whidi time the mix- 
ture was stored for about 20 hours. Approxi- 

5 mately 0.5 part of imidazole was added and 
the mixture stirred for about 1 hour, and then 
diluted with ethyl acetate. The resulting 
organic solution was washed successively with 
dilute hydrochloric acid, dilute aqueous potas- 

10 slum carbonate and dilute aqueous sodium 
sulphate. The washed solution was dried over 
anhydroiis sodium sulphate, then stripped of 
solvent by distillation under reduced pressure 
to afford the residual crude product which, 

15 after recrystallisation from ether, afforded 
pure jS-benzyl N - benzyloxycarbonyl - L- 
aspartyl - L - S - methylcysteine methyl ester 
displaying a double melting point at 55 to 62° 
and 76 to 82°. This compound possesses an 

20 optical rotation, in chloroform, of + 15.5°. 

A mixture containing 7.3 parts of the above 
prepared J3-henzyl N - benzylcarbonyl - L- 
aspartyl - L - S - methylcysteine methyl 
ester, 120 parts by volume of 75% aqueous 
acetic acid and 1.4 parts of palladium black 
catalyst was shaken with hydrogen at atmos- 
pheric pressure and at room temperature imtil 
the uptake of hydrogen ceased, at which time 
the catalyst was removed by filtration and 

30 the solvent distilled under reduced pressure. 
The resulting residual crude product was tri- 
turated with ether and then further purified 
by recrystallisation from methanol-isopropyl 
alcohol and washed with ether to yield pure 

35 L - aspartyl - L - S - methylcysteine methyl 
ester which exhibited a melting point at 146.5 
to 149° with decomposition and displayed an 
optical rotation, in water, of —26°. 

Example 10 

40 When an equivalent quantity of L - S- 
ethyylcysteine methyl ester hydrochloride was 
substituted in the procedure of Example 9, 
there was produced ^-benzyl N - benzyloxy- 
carbonyl - L - aspartyl - L - S - ethylcysteine 

45 methyl ester. 

The substitution of an equivalent quantity 
of ^-benzyl N - benzyloxycarbonyl - L- 
aspartyl - L - S - ethylcysteine methyl ester 
in the procedure to remove blockmg groups 

50 of Example 9 resulted in L - aspartyl - L- 
S - ethylcysteine methyl ester. 

Example 11 
To 40 parts of cold methanol was added 
dropwise 4.9 parts of thionyl chloride, and 

55 6 parts of L-methionine sulphone were added 
to the latter solution. The resulting reaction 
mbcture was stirred at the reflux temperature 
for 2J hours and then cooled and stored at 
room temperature for 16 hours. Decolour- 

60 isation of the solution with activated carbon 
followed by dilution with ether restilted in 
precipitation of the product, which was col- 



lected by filtration and washed with ether to 
yield L-methionine sulphone methyl ester 
hydrochloride, melting at 164 to 167° with 65 
decomposition and exhibiting an optical rota- 
tion, in water, of +25°. 

Example 12 

A mixture of 4.65 parts of L-methionine 
sulphone methyl ester hydrochloride, 10.05 70 
parts of N - benzyloxycarbonyl - L - aspartic 
acid a£-/>-nitrophenyl, jff-benzyl diester and 
23.8 pans of dimethylformamide was stirred 
while 2.15 parts of triethylamine were added 
dropwise. Stirring at room temperature was 75 
continued for about 1-^ hours longer, follow- 
ing which time the mixture was stored at 
room temperature for about 16 hours. At the 
end of that time, ethyl acetate was added and 
the resulting organic solution washed succes- 80 
sively with dilute hydrochloric acid, dilute 
aqueous potassium carbonate and dilute aque- 
ous sodium acetate. The aqueous wadiings 
were extracted with ethyl acetate and the 
combined organic solutions dried over 85 
anhydrous sodium sulphate, then allowed to 
stand in order to permit the solvent to evapor- 
ate. The resulting residual crude product 
was purified by recrystallisation from iso- 
propyl alcohol to afford piure jS-benzyl N- 90 
beiizyloxycarbonyl - L - aspartyl - L - meth- 
ionine sulphone methyl ester, melting at 84 
to 112°. This compound exhibited an optical 
rotation, in chloroform, of -i-30®. 

To a solution of 5.35 parts of the above 95 
prepared ^-benzyl N - benzyloxycarbonyl - L- 
asparQ;! - L - methionine sulphone methyl 
ester in 150 parts by volume of 75% aqueous 
acetic add was added 0 J part of palladium 
black catalyst and the resulting mixture was 
shaken with hydrogen at room temperature 
and atmospheric pressure until cessation of 
hydrogen uptake. Removal of the catalyst by 
filtration and the solvent by distillation uuider 
reduced pressure yielded the crude product 105 
which was triturated with ether, then further 
purified by recrystallisation from methanal- 
isopropjrl alcohol to yield L - aspartyl - L- 
methionine sulphone metiiyl ester having a 
naeiting point at 155 to 156° with decomposi- 110 
tion and an optical rotation, in water, of 



Example 13 
To 40 parts of methanol was added drop- 
wise 5.74 parts of thionyl chloride, following 115 
which 4.24 parts of L . S - methyl - cysteine 
sulphone were added. The resulting reaction 
mixture was heated at tiie reflux temperature 
for 2 hours then cooled and decolourised with 
activated carbon. Dilution of the solution 120 
with ether yielded L - S - methylcysteine sul- 
phone methyl ester hydrochloride, melting at 
168 to 170° with decomposition and display- 
ing an optical rotation, m water, of +6°. 
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Example 14 
To a solution of 4.35 .parts of L - S- 
methylcysteine sulphone methyl ester hydro- 
chloride and 10.05 parts of N - benzyl- 

5 carbonyl - L - aspartic acid or-/^nitrophcnyl, 
)3-benzyl diester in 23.8 pans of dimethyl- 
formamide were added, with stirring and cool- 
ing, 2.15 parts of triethylamine. Stirring at 
room temperature was continued for about 

10 2 hours, following which time the mixture 
was stored for about 16 hours. Dilution with 
ethyl acetate followed by successive washing 
with dilute hydrochloric acid, dilute aqueous 
potassium carbonate and dilute aqueous 

15 sodium sulphate resulted in the organic solu- 
tion. The dilute hydrochlorice acid, dilute aque- 
ous potassium carbonate and dilute aqueous 
sodium sulphate washings from the above 
were extracted with ethyl acetate. These ethyl 

20 acetate extraas were then combined with the 
organic solution obtained above. This was 
then dried over anhydrous sodium sulphate 
and stripped of solvent by distillation under 
reduced pressure. The resulting residue was 

25 crystallised from isopropyl alcohol, then 
washed with cyclohcxane and pcntane to yield 
j3-benzyl N - benzyloxycarbonyl - L - aspartyl- 
L - S - methylcysteine sulphone methyl ester, 
melting at 96 to 98^. The compound exhibits 

«A an optical rotation, in chloroform, of + 14*^. 

To a solution of 7.03 parts of the above 
prepared ;3-benzyl N - benzyloxycarbonyl- 
L - aspartyl - L - S - methylcysteine sul- 
phone methyl ester in 150 parts by volume 

« of 75% aqueous acetic add was added 0.7 
part of palladium black catalyst and the re- 
sulting reaction mixture was shaken with 
hydrogen at atmospheric pressure and room 
temperature until hydrogen was no longer 

4Q absorbed. The catalyst was removed by filtra- 
don and the solvent distilled under reduced 
pressure to yield the crude residual product. 
Trimration with ether yielded a gunMny solid, 
which was purified by crystallisation from 

45 aqueous isopropyl alcohol to yield L - aspartyl- 
L - S - methylcysteine sulphone methyl ester, 
melting at 135 to 136*^ with decomposition 
and displaying an optical rotation, in water, of 

50 Example 15 

Substitution of an equivalent quantity of 
DL-/>-fluorophenylalanine in the procedure of 
Example 11 resulted in DL-/i^fluoropHenyl- 
alanine methyl ester hydrochloride melting at 

55 176.5 to 178.5^. 

Example 16 
Substitution of an equivalent quantity of 
DL-p-fiuorophenylalanine methyl ester hydro- 
chloride in the procedure of Example 12 re- 
60 suited in jS-benzyl N - benzyloxycarbonyl- 
L - aspartyl - DL - p - fluorophenylalanine 
methyl ester. 

Substitution of an equivalent quantity of 
the above prepared ^-benzyl N - benzyloxy- 



carbonyl . L - aspartyl - DL - /> - fluoro- 65 
phenylalanine methyl ester in the procedure to 
remove blocking groups of Example 12 yielded 
L - aspartyl - DL - p - fluwophcnylalamne 
methyl ester. 

Example 17 70 
Substitution of an equivalent quantity of 
DL - p - chlorophenylalanine in the procedure 
of Example 11 resulted in DL-^^<hiorophenyl- 
alanine methyl ester hydrodiloride. 

Example 18 75 
Substimtion of an equivalent quantity of 
DL - p - chlorophenylalanine methyl ester 
hydrochloride in the procedure of Example 12 
resulted in ^-benzyl N - benzyloxycarbonyl- 
L - aspartyl - DL - p - chlorophenylalanine 80 
methyl ester. . 

Substitution of an equivalent quanuty of 
the above prepared j5-benzyl N - benzyloxy- 
carbonyl - L - aspartyl - DL - p - chloro- 
phenylalanine methyl ester in the procedure 85 
to remove blocking groups of Example 12 
yielded L - aspartyl - DL - p - chlorophenyl- 
alanine methyl ester. 

Example 19 
By substitution of an appropriate quantity 90 
of DL - 2 - aminoheptanoic add and other- 
wise proceeding according to the process of 
Example 11 there was obtained DL-2-amiho- 
heptanoic acid methyl ester hydrochloride. 

Example 20 95 
Substitution of an appropriate quantity of 
DL-2-aniinohcptanoic acid methyl ester 
hydrochloride in the procedure of Example 
12 resulted in j3 - benzyl - N - benzyloxy- 
carbonyl - L - aspartyl - DL - 2 - amino- 100 
heptanoic acid methyl ester. 

By substituting an appropriate quantity of 
the above prepared ^-benzyl N - benzyloxy- 
carbonyl - L - aspairtyl - DL - 2 - amino- 
heptanoic add me±yl ester and otherwise .^05 
proceeding accortiing to the process to remove 
blocking groups of Example 12 there was 
obtained L - aspartyl - DL - 2 - amino- 
heptanoic acid methyl ester. 

Example 21 , , 110 

A suspension of 1.3 parts L-aspartic acid in 
anhydrous dioxane was stirred over phosgene 
at room temperature for approximately 30 
minutes until all the reactant had dissolved. 
Then the solvent was removed by distillation 115 
imder reduced pressure and the resulting cry- 
stalline substance purified by recrystallisation 
from ethy acetate-petroleum ether to afford 
the N-carboxyanhydride of L-aspartic acid, 
i.e., L - 2,5 - oxazolidinedione - 4 - acetic 120 
acid. 

1.6 parts of the above jwepared L - 2,5- 
oxazolidinedione - 4 - acetic add were dis- 
solved in methylene chloride and cooled to 
—60**. To this solution were added 2 parts 125 
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L-tyrosine methyl ester, 10 parts ethyl acetate 
ajQd 1 part triethylamine. The resulting solu- 
tion was allowed to stand to room temperature 
for approximately 24 hours. The solvent was 
then removed by distillation under reduced 
pressure and the resulting residue recrystal- 
lised from aqueous ethanol to which 0.6 part 
acetic acid had been added to yield a com- 
pound identical to the product of Example 2. 

Example 22 

A mixture of 3.4 parts of N - benzyloxy- 
carbonyl - L - aspartic acid ^-benzyl ester, 
1.95 parts L-tyrosine methyl ester, 2 parts 
dicyciohexylcarbodiimide and 10 parts di- 
methyl formamidc was stirred with cooling 
for approximately 2 hours, dien allowed to 
stand at room temperature for about 16 hours. 
The resulting mixture was filtered and the 
filtrate stripped of solvent by disdllation under 
reduced pressure and the resulting residue 
recrystallised from ether-ethyl acetate to yield 
j8-benzyl N - benzyloxycarbonyi - L- 
aspartyl - L - tyrosine methyl ester, identical 
to the product of Example 1. 

Using an equivalent amount of the above 
prepared ^-benzyl N - benzyloxycarbonyl- 
L - aspartyl - L - tyrosine methyl ester and 
following the procedure of Example 2 there 
was obtained L - aspartji - L - tyrosine 
methyl ester identical with the product of 
Example 2. 

WHAT WE CLAIM IS: — 

1. A compound of the general formula 



HoN— CH — CNH- 

I 

I 

C— OH 

II 

O 



Q 

CH— COR' 
X 



35 wherein X is a radical of the foraiula 



-CH — CHc, 
OH 



— (CH=)„ S(0)„,R", 



or— R'''; 

Hal is a fluorine, chlorine, bromine, or iodine 
atom; wa is 0 or 2; « is 1 or 2; R is hydrogen 
or a straight or branched chain alkyi radical 
containing from^ 1 to 7 carbon atoms; and 



R', R", and R' 



are each a straight or 



branched chain alkyl radical containing from 
1 to 7 carbon atoms; with the provision that 



when R'" contains 1 or 2 carbon atoms, R' 
must contain more than 2 carbon atoms. 
2. A compound of the general formula 
o o 

HgN-^H-CNH-CH— COR* 
9^ CH2 




wherein R is hydrogen or a straight or 
branched chain alkj^ radical containing from 
1 to 7 carbon atoms, and R' is a straight or 
branched chain alkyl radical containing from 
1 to 7 carbon atoms. 

3. L - Aspartyl - L - tyrosine methyl ester. 

4. L - Aspartyl - L - tyrosine ethyl ester. 

5. L - Aspartyl - L - O - methyltyrosine 
methyl ester. 

6. L - Aspartyl - L - O - ethyhyrosine 
methyl ester, 

7. A compound of the general formula 



H«N — CH— CNH— CH — C — OR' 
I I 
CHj CH — CHa 

C — OH OH 



wherein R' is a straight or branched chain 
alkyl radical containing from 1 to 7 carbon 
atoms. 

8. L - Aspartyl - L - threonine methyl 
ester. 

9. A compoimd of the general formula 



HoN — CH — CNH — CH — COR' 



CHs 
I 

C — OH 



(CH2)nS(OVR' 



wherein w is 0 or 2, n is I or 2, and R' and 
R" are each a straight or branched chain 
alkyl radical containing from 1 to 7 carbon 
atoms. 

10. L - Aspartyl - L - methionine methyl 
ester. 

11. L - Aspartyl - L - S - methylcysteine 
methyl ester. 

12. L - Aspartyl - L - S . ethylcysteine 
methyl ester. 

13. L - Aspartyl - L - methionine sulphone 
methyl ester. 

14. L - Aspartyl - L - S - methylcysteine 
sulphone methyl ester, 

15. A compound of the general formula 



50 
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HjN 



l-CH-£*4-CH— C-OR* 



I 

C-OH 

o 



I 

9*2 



Hoi 



wherein Hal is a fluorine, chlorine, bromine 
or iodine atom, and R' is a straight or 
branched chain alkyl radical contammg from 
1 to 7 carbon atoms. 

16. L - Aspartyl - DL - p - fluorophenyl- 
alanine methyl ester. 

17. L - Aspanyl - DL - p - chlorophenyl- 
alaninc methyl csier. 

18. A compound of the general formula 

O o 
H,N — CH — 'cNH — CH — COR' 

CH. R'" 

I 

C— OH 



wherein R' and R'" are each a straight or 
branched chain alkyl radical contammg from 
1 to 7 carbon atoms, with the provision that 
when R'" contains 1 or 2 carbon atoms, R' 
must contain more than 2 carbon atoms. 

19. Compounds as claimed in claim 1 sub- 
stantially as described with reference to the 
Examples 2 to 10, 12, 14, 16 and 18. 

20. A process for the preparation of com- 
pounds as claimed in claim 1 which comprises 
contacting a compound of the general formula 



— NH — CH — It- 



OA 



I 

C — OB 



(B) 



wherein Z is the amino protecting group 
tri ty 1 , />-niirobenzy loxycarbony 1, p-bromo- 
benzyloxycarbonyl, or benzyloxycarbonyl, B is 
a benzyl radical which forms a protective 
ester moiety and A is a />-nitrophcnyl or 
alkoxycarbonyl radical forming a labile oxy- 
genated function; with an amino acid ester 
of the general formula 



>yH, — CH — COR' 



and followed by removal of the protecting 
• groups from the resulting compound of the 
formula 

O O 
Z_NH — CH — !!:NH — CH-COR' 



CH. 

C — OB 

II 

o 



(C) 



21. A process for the preparation of com- 
poimds as claimed in claim 1 which comprises 
contacting a compound of the general for- 
mula 



Z_NH — CH — S: — OH 
CHs 

C — OB 



with an amino acid ester of formula (Q in 
the presence of a dehydrating agent, foUowed 
by removal of the protecting groups from the 
resulting compound of formula (D). 

22. A process for the preparation of com- 
pounds as claimed in claim 1 which compris^ 
contact L-aspartic acid with phosgene and 
contacting the resuldng L - 2,5 - oxazohdme- 
dione - 4 - acetic acid widi an ammo acid 
ester of formula (C). 

23. A process as claimed in claim -iU or 
21 which comprises effecting removal of th| 
protecting groups of formula (D) wherein Z 
is benzyloxycarbonyl and B is benzyl by cata- 
lytic hydrogenolysis. 

24. A process as claimed m claim 
wherein the catalyst is palladium black. ' 

25. A process as claimed in clami 20 for 
the preparation of L - aspartyl - L - QTosine 
methyl ester which comprises contacting N- 
benzyloxycarbonyl - L - aspartic acid a-p- 
nitrophenyl, j3-benzyl diester with L-tyrosmc 
methyl ester to yield ^-benzyl N - benzylo^- 
carbonyl - L - aspartyl - L - tyrosine methyl 
ester, which is hydrogenolyzed m aqueous 
acetic acid, using paUadium black catalyst to 
afford L - aspartyl - L - tyrosine methyl 

^^26. A process as claimed in claim 20 for 
the preparation of L - aspartyl - L - tyrosine 
ethyl ester which comprises contacting N- 
benzyloxycarbonyl - L - aspartic acid arp- 
nitrophenyl, )9-benzyl diester with L-iyrosmc 
ethyl ester foUowed by removal of the pro- 
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tecting groups by catalytic hydrogenolysis, in 
aqueous acetic acid, using palladium black 
catalyst. 

27. A process as claimed in claim 20 for 
the preparation of L - aspartyl - L - O- 
methyltyrosine methyl ester which comprises 
contacdng N - faenzyloxycarbonyl - L - aspar- 
dc add o:-/r-nitrophenyl, ^-benzyl diester 
with L-O-methyltyrosine methyl ester hydro- 
chloride followed by removal of the protecting 
groups by catalytic hydrogenolysis in aqueous 
acetic acid, using palladium black catalyst. 

28. A process as claimed in claim 20 for 
the preparation of L - aspartyl - L - O- 
ethyltyrosine methyl ester which comprises 
contacting N-benzyloxycarbonyl L-aspartic 
add oi-p-nitrophenyl, ;§-benzyl diester with 
L - O - ethyityrosine methyl ester followed 
by removal of tie protecting groups by cata- 
lytic hydrogenolysis in aqueous acetic add, 
using palladium black catalyst. 

29. A process as daimed in claim 20 for 
the preparation of L - aspartyl - L - tyrosine 
methyl ester which comprises contacting L- 
tyrosinc methyl ester with the anhydride 
formed by reacting N - benzyloxycarbonyl- 
L - aspartic acid j3-benzyl ester with ethyl- 



chlorofonnate, followed by removal of the 
protecting groups by catal5mc hydrogenolysis 
in aqueous acetic acid, using palladium black 30 
catalyst, 

30. A process as claimed in claim 21 
wherein dicydohexylcarbodiimide is used as 
the dehydrating agent. 

31. A process as claimed in daim 21 for 35 
the preparation of L - aspartyl - L - tyrosine 
methyl ester which comprises contacting N- 
benzyloxycarbonyl - L - aspartic acid ^-benzyl 
ester with L-tyrosine methyl ester in the 
presence of dicydohexylcarbodiimide to form 40 
fi'bcDzyl N - bcnzyloxycarbonyl - L - aspartyl- 

L - tyrosine methyl ester which is then hydro- 
genolyzed in aqueous acetic add, using pallad- 
ium black catalyst to afford L - aspartyl - L- 
tyrosine methyl ester. 45 

32. A process as claimed in claims 20, 21 
and 22 substantially as described widi refer- 
ence to any of the Esamples 2 to 10, 12, 14, 
16 and 18. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 
High Holbom House, 
52/54 High Holbom, Ix>ndon, WCIV 6SH. 
Agents for the Applicsmts. 



S"!?^^ lVfajesty»8 Stationery Office by the Courier Press, Leamiiigtoii Spa, 1970. 
Published by the Patent Oflace,,25 Southampton Buildings, Loadon, WC§A lAY, torn 

whidi copies may be obtained. 



3NSDOCID; <GB 120e233A_l_> 



